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Abstract	  12	  
The	  decision	  for	  a	  migratory	  animal	  to	  be	  site	  faithful	  in	  its	  non-­‐breeding	  season	  has	  13	  
profound	   implications	   for	   migratory	   connectivity,	   resilience	   to	   winter	   habitat	   loss	  14	  
and	  population	  dynamics	  through	  carry-­‐over	  effects	  on	  future	  breeding	  success	  and	  15	  
fitness.	  Knowledge	  of	  the	  temporal	  and	  spatial	  scale	  of	  site	  fidelity	  and	  dispersal	   is	  16	  
also	  central	  to	  accurate	  survival	  estimates.	  We	  established	  the	  observed	  spatial	  and	  17	  
temporal	   scale	   of	   site	   fidelity	   and	   the	   ability	   to	   detect	   small-­‐scale	   dispersal	  within	  18	  
and	   between	   years	   for	   a	  wintering	   long-­‐distance	   Palearctic	  migrant,	   the	  Whinchat	  19	  
Saxicola	   rubetra,	   by	   comparing	   predicted	   and	   observed	   detection	   rates	  within	   the	  20	  
study	  site.	  Across	  two	  years,	  54%	  of	  birds	  returned	  to	  the	  study	  site	  and	  all	  returning	  21	  
birds	  reoccupied	  the	  territories	  they	  used	  in	  the	  previous	  winter.	  Observed	  dispersal	  22	  
was	  very	  low	  despite	  the	  high	  probability	  of	  detecting	  any	  local	  dispersal,	  suggesting	  23	  
that	   return	   rates	   are	   indicative	   of	   true	   between-­‐winter	   survival	   rates	   for	   this	  24	  
population.	  In	  any	  winter,	  50%	  of	  returning	  individuals	  had	  a	  previously	  occupied	  but	  25	  
now	  empty	  territory	  that	  was	  less	  than	  one	  territory-­‐span	  away	  from	  the	  centre	  of	  26	  
their	  current	  territory;	  high	  site	  fidelity	  was	  therefore	  very	  unlikely	  to	  be	  because	  of	  27	  
limited	   territory	   availability.	   Over-­‐winter	   residency	   time	   (defined	   by	   departure	  28	  
month)	   differed	   significantly	   across	   sites	   and	  with	   age,	   but	   did	   not	   determine	   the	  29	  
probability	  of	  whether	  a	  bird	  returned	  in	  the	  following	  year.	  This	  suggests	  the	  use	  of	  30	  
more	  than	  one	  wintering	  site	  for	  some	  individuals,	  rather	  than	  reduced	  over-­‐winter	  31	  
survival.	  This	   study	   is	  one	  of	   the	   first	   to	  comprehensively	  document	   site	   fidelity	  at	  32	  
the	   territory	   scale	   in	   a	   Palearctic	   system,	   although	   less	   comprehensive	   studies	   or	  33	  
anecdotal	  evidence	  suggest	  that	  high	  winter	  site	  fidelity	  may	  be	  relatively	  common.	  34	  
Here	  we	  provide	  evidence	  for	  the	  serial	   residency	  hypothesis,	  where	  selection	  acts	  35	  
for	   individual	   migrants	   to	   have	   generalist	   habitat	   requirements,	   allowing	   them	   to	  36	  
survive	   in	  and	   remain	   site	   faithful	   to	  even	   relatively	   low	  quality,	  but	   sufficient	  and	  37	  
familiar	   sites.	   Lower	   dispersal	   and	   higher	   site	   fidelity	   compared	   to	   that	   during	  38	  
breeding	  suggest	  that	  annual	  survival	  estimates	  are	  more	  accurate	  when	  measured	  39	  
on	   the	   wintering	   grounds.	   This	   study	   supports	   previous	   findings	   that	   wintering	  40	  
conditions	  do	  not	  limit	  Whinchat	  populations.	  41	  
	  42	  
	  43	  
	   3	  
Introduction	  44	  
The	  non-­‐breeding	  period	  is	  a	  significant	  part	  of	  the	  yearly	  cycle	  for	  migrant	  birds	  and	  45	  
wintering	  ecology	  has	  significant	  carry-­‐over	  effects	  for	  many	  aspects	  of	  survival	  and	  46	  
reproduction	   (Baillie	   and	  Peach	  1992;	   Sherry	  and	  Holmes	  1996;	  Norris	   et	   al.	   2004;	  47	  
Both	  et	  al.	  2006;	  Newton	  2006;	  Pulido	  2007;	  Studds	  et	  al.	  2008;	  Reudink	  et	  al.	  2009;	  48	  
Newton	  2010a).	  A	  key	  decision	  for	  non-­‐breeding	  migrants	  is	  whether	  to	  maintain	  a	  49	  
winter	   territory	   and	   return	   to	   that	   same	   wintering	   site	   between	   years.	   Many	  50	  
migrants	  have	  been	   shown	   to	  be	   site	   faithful	   in	   the	  non-­‐breeding	   season	   to	   some	  51	  
degree	   (McNeil	   1982;	   Holmes	   and	   Sherry	   1992;	   Sauvage	   et	   al.	   1998;	  Marra	   2000;	  52	  
Salewski	   et	   al.	   2000;	   King	   and	  Hutchinson	  2001;	   Cresswell	   2014).	   The	   scale	  of	   this	  53	  
site	   fidelity	   has	   substantial	   consequences	   for	   population	   dynamics	   and	   migratory	  54	  
connectivity	  (Newton	  2010a;	  Cresswell	  2014),	  because	  how	  dependent	  a	  migrant	  is	  55	  
on	  specific	  wintering	  areas	  will	  determine	  how	  susceptible	  (or	  resilient)	  that	  species	  56	  
is	  to	  the	  loss	  or	  alteration	  of	  those	  wintering	  sites.	  Migrants	  that	  rely	  upon	  a	  larger	  57	  
number	   of	   wintering	   sites	   run	   the	   greater	   risk	   of	   being	   impacted	   by	   site	   loss	   or	  58	  
alteration,	  for	  example,	  because	  the	  chance	  that	  one	  of	  their	  wintering	  sites	  will	  be	  59	  
impacted	  by	  environmental	  change	   is	  greater	  when	  more	  sites	  are	  used	  (known	  as	  60	  
the	  ‘multiple	  jeopardy’	  hypothesis	  (Newton	  2004)).	  	  61	  
	  62	  
The	  amount	  of	  suitable	  winter	  habitat	  that	  may	  be	  available	  and	  the	  ability	  to	  stay	  63	  
resident	  in	  a	  territory	  of	  poorer	  quality	  is	  likely	  to	  be	  greater	  for	  migrants	  with	  more	  64	  
generalist	  wintering	   requirements	  within	   their	  wintering	  habitats	   (Cresswell	   2014).	  65	  
Migrant	  birds,	  particularly	  passerines	  wintering	  within	  Africa,	  are	  likely	  to	  be	  habitat	  66	  
generalists	  during	  winter	  and	  to	  be	  faithful	  to	  any	  site	  that	  promotes	  their	  survival	  67	  
because	  of	   the	   stochastic	   nature	  of	   site	   selection	  on	  a	   very	   large	   scale	  by	  birds	   in	  68	  
their	  first	  winter	  (the	  ‘serial	  residency	  hypothesis’:	  Cresswell,	  2014).	  If	  wintering	  sites	  69	  
are	  lost	  or	  change	  considerably,	  individuals	  with	  a	  low	  dependency	  on	  specific	  sites	  70	  
or	  those	  that	  can	  use	  a	  wider	  range	  of	  winter	  habitat	  conditions	  can	  avoid	  the	  high	  71	  
costs	  and	  unpredictability	  of	  moving	  long	  distances,	  and	  should	  have	  higher	  survival	  72	  
as	  a	  result	  (Warkentin	  and	  Hernandez	  1996;	  Cresswell	  2014).	  73	  
	  74	  
	   4	  
At	  a	  finer	  spatial	  scale,	  maintaining	  a	  territory	  during	  the	  winter	  as	  opposed	  to	  being	  75	  
itinerant	   instils	   knowledge	   of	   local	   food	   resources	   and	   aids	   territory	   defence	   and	  76	  
predator	   avoidance	   (Brown	   and	   Long	   2007;	   Förschler	   et	   al.	   2010).	  Whether	   birds	  77	  
shift	   territories	   within	   winters	   or	   occupy	   a	   different	   territory	   upon	   return	   may	  78	  
suggest	   how	   important	   winter	   territory	   quality	   is	   for	   survival	   and	   future	   fitness.	  79	  
Within	  or	  between	  winter	  territory	  switching	  suggests	  competition	  for	  higher	  quality	  80	  
territories	   (i.e.	   dominance-­‐based	   territory	   occupancy)	   and	   that	   territory	   quality	  81	  
influences	   survival	   or	   future	   reproductive	   success	   (Marra	   and	   Holmes	   2001).	  82	  
Wintering	  in	  sub-­‐optimal	  habitats	  has	  been	  shown	  to	  lower	  reproductive	  success	  for	  83	  
some	  migrants	  (Norris	  et	  al.	  2004;	  Reudink	  et	  al.	  2009),	  and	  this	  has	  implications	  at	  84	  
the	   population	   level	   if	   habitat	   loss	   forces	   a	   higher	   proportion	   of	   individuals	   into	  85	  
lower-­‐quality	  habitats.	  Furthermore,	  if	  the	  degree	  of	  site	  fidelity	  differs	  with	  age	  or	  86	  
sex,	  any	  resulting	  differential	  survival	  may	  lead	  to	  skewed	  population	  dynamics	  and	  87	  
related	   population	   declines	   (Sherry	   and	   Holmes	   1996;	   Marra	   2000;	   Marra	   and	  88	  
Holmes	  2001;	  Steifetten	  and	  Dale	  2006).	  	  89	  
	  90	  
The	  scale	  of	  site	  fidelity	  is	  also	  an	  essential	  component	  of	  survival	  estimates,	  because	  91	  
measuring	   the	   scale	   of	   site	   fidelity	   allows	   the	   estimation	   of	   “true”	   survival	   as	  92	  
opposed	  to	  “apparent	  survival”,	  the	  latter	  being	  a	  function	  of	  the	  scale	  and	  intensity	  93	  
of	  monitoring	  and	  is	  less	  valuable	  for	  population	  management	  (Anders	  and	  Marshall	  94	  
2005;	   Gilroy	   et	   al.	   2012;	   Ergon	   and	   Gardner	   2013;	   Schaub	   and	   Royle	   2013).	   If	  95	  
migrants	   exhibit	   some	   degree	   of	   wintering	   site	   fidelity,	   survival	   can	   always	   be	  96	  
estimated	  from	  return	  rates,	  at	   least	  to	  some	  extent	  (Sauvage	  et	  al.	  1998;	  Salewski	  97	  
et	  al.	  2000;	  King	  and	  Hutchinson	  2001);	  yet	  determining	  true	  survival	  is	  problematic	  98	  
because	  the	  chance	  of	  resighting	  an	  individual	  depends	  on	  a	  combination	  of	  survival	  99	  
and	   dispersal	   plus	   the	   ability	   to	   detect	   returning	   individuals	   (Marshall	   et	   al.	   2000;	  100	  
Marshall	   et	   al.	   2004;	   Anders	   and	   Marshall	   2005;	   Schaub	   and	   Royle	   2013).	  101	  
Distinguishing	   between	   survival	   and	   dispersal	   is	   challenging,	   especially	   when	  102	  
exploring	   population	   dynamics	   between	   years	   (Marshall	   et	   al.	   2004;	   Ergon	   and	  103	  
Gardner	  2013),	  and	  the	  ability	  to	  detect	  individuals	  is	  often	  a	  function	  of	  the	  size	  of	  104	  
the	  study	  area	  and	  resighting	  effort	  (Baker	  et	  al.	  1995;	  Marshall	  et	  al.	  2000;	  Marshall	  105	  
et	   al.	   2004).	   Consequently,	   survival	   estimates	   based	   on	   return	   rates	   often	  106	  
	   5	  
underestimate	  true	  survival	  (Gilroy	  et	  al.	  2012;	  Ergon	  and	  Gardner	  2013;	  Schaub	  and	  107	  
Royle	  2013).	  Determining	  both	  where	  a	  species	  lies	  on	  the	  continuum	  between	  100%	  108	  
between-­‐year	   survival	   and	   100%	   site	   fidelity	   and	   the	   degree	   of	   any	   dispersal	   are	  109	  
therefore	   fundamental	   to	   establishing	   the	   value	   of	   survival	   estimates	   calculated	  110	  
from	   return	   rates.	   This	   can	   be	   essential	   to	   understanding	   population	   dynamics.	  111	  
Winter	   site	   fidelity	   appears	   to	   be	   relatively	   common	   amongst	   migrants	   (Skilleter	  112	  
1995;	  Sauvage	  et	  al.	  1998;	  Salewski	  et	  al.	  2000;	  Koronkiewicz	  et	  al.	  2006;	  Barshep	  et	  113	  
al.	  2012;	  Cresswell	  2014),	  implying	  that	  true	  survival	  estimates	  can	  be	  obtained	  from	  114	  
return	   rates,	   but	   only	   if	   detection	   probability	   is	   high	   because	   return	   rates	   are	   the	  115	  
product	  of	   both	   apparent	   survival	   probability	   and	  detection	  probability.	   Studies	  of	  116	  
this	   detail	   during	   winter	   are	   lacking,	   however,	   especially	   for	   Palearctic	   migrants	  117	  
(Vickery	   et	   al.	   2014).	   Furthermore,	   accurate	   between-­‐winter	   return	   rates	   and	   the	  118	  
temporal	  scale	  of	  within-­‐winter	  site	  fidelity	  are	  essential	  to	  understanding	  whether	  119	  
short-­‐term	   residency	   at	   any	   one	  wintering	   site	   is	   due	   to	  mortality	   or	   dispersal	   to	  120	  
other	  areas.	  121	  
	  122	  
In	  this	  study	  we	  aimed	  to	  establish	  the	  degree	  of	  site	  fidelity	  and	  quantify	  the	  ability	  123	  
to	  detect	  any	  dispersal	  during	  winter	  for	  a	  declining	  long-­‐distance	  Palearctic	  migrant,	  124	  
the	  Whinchat	   Saxicola	   rubetra.	   This	   species	   exhibits	   varying	   degrees	   of	   fidelity	   in	  125	  
both	   the	   breeding	   and	   non-­‐breeding	   seasons	   (Bastian	   1992;	   Barshep	   et	   al.	   2012;	  126	  
Shitikov	  et	  al.	  2012).	  Some	  breeding	  populations	  have	  declined	  significantly	  over	  the	  127	  
past	   few	   decades,	   as	   illustrated	   by	   the	   53.1%	   decline	   in	   breeding	   abundance	  128	  
documented	   over	   the	   past	   40	   years	   (1970	   to	   2010)	   (BirdLife	   International	   2004;	  129	  
Henderson	  et	  al.	  2004;	  Henderson	  et	  al.	  2015).	  Similar	  population	  trends	  have	  been	  130	  
shown	   for	   many	   long-­‐distance	   Palearctic	   migrants,	   the	   causes	   of	   which	   are	   often	  131	  
poorly	  understood	  (Berthold	  et	  al.	  1998;	  Sanderson	  et	  al.	  2006;	  Thaxter	  et	  al.	  2010;	  132	  
Vickery	   et	   al.	   2014),	   and	   so	   establishing	   whether	   migrants	   are	   flexible	   on	   the	  133	  
wintering	  grounds	  and	  the	  degree	  of	  site	   fidelity	  has	  profound	   implications	   for	   the	  134	  
conservation	  of	  migrants.	  This	   is	  particularly	   relevant	  given	  the	   increasing	  pressure	  135	  
of	  anthropogenic	  habitat	  loss	  in	  Africa	  (Vickery	  et	  al.	  2014).	  136	  
	  137	  
	   6	  
We	   ask:	   (1)	   do	   individuals	   return	   to	   the	   same	  wintering	   area	   and	   do	   return	   rates	  138	  
differ	   with	   age	   and	   sex;	   (2)	   what	   is	   the	   power	   to	   detect	   retuning	   individuals	   and	  139	  
within	   and	   between-­‐year	   dispersal	   over	   different	   spatial	   scales,	   and	   what	  140	  
opportunities	  are	  there	  for	  individuals	  to	  disperse;	  (3)	  what	  is	  the	  spatial	  scale	  of	  site	  141	  
fidelity	  and	  dispersal	  observed;	  and	  (4)	  what	  is	  the	  temporal	  scale	  of	  site	  fidelity	  and	  142	  
does	  this	  differ	  with	  age	  and	  sex?	  143	  
	  144	  
Methods	  145	  
Study	  site	  146	  
The	   study	   took	   place	   over	   three	   consecutive	   winters	   (hereby	   referred	   to	  147	  
chronologically	  as	  winter	  1,	  2	  and	  3)	   from	  January	  2011	   to	  March	  2014	  on	   the	   Jos	  148	  
Plateau	   in	   the	   guinea	   savannah	   zone	   of	   central	   Nigeria,	   West	   Africa	   (N09°53',	  149	  
E08°59',	  approximately	  1250	  m	  altitude;	  Figure	  1).	  The	  region	  experiences	  wet	  and	  150	  
dry	  seasons,	  with	  the	  majority	  of	  the	  wintering	  period	  for	  migrants	  (early	  September	  151	  
to	  late	  April)	  within	  the	  dry	  season.	  Study	  sites	  were	  primarily	  open	  scrubland	  with	  152	  
varying	   degrees	   of	   degradation	   due	   to	   human	   habitation,	   arable	   farming	   and	  153	  
livestock	   grazing,	   the	   latter	   two	   often	   increasing	   in	   intensity	   as	   the	   dry	   season	  154	  
progresses	   (see	  Hulme	  and	  Cresswell	  2012).	  Sites	  with	  high	  densities	  of	  Whinchats	  155	  
were	  chosen	  and	  are	  typical	  of	  wintering	  habitat	  for	  this	  species	   in	  the	  area.	  Three	  156	  
study	  sites	  were	  used	  in	  all	  winters:	  site	  A,	  site	  B,	  and	  site	  C,	  and	  two	  sites	  D	  and	  E	  157	  
were	   added	   at	   the	   end	   of	   the	   winter	   2	   (Figure	   1).	   Birds	   were	   captured	   at	   two	  158	  
additional	   sites	   in	  winter	   3	   (marked	   ‘x’	   Figure	  1)	   but	   are	  only	   included	   in	   analyses	  159	  
exploring	   age	   and	   sex	   ratios	   across	   sites.	   Note	   that	   sites	   represent	   logistic	   areas,	  160	  
rather	   than	   biologically	   different	   distinct	   areas	   identified	   a	   priori:	   we	   therefore	  161	  
consider	   site	   effects	   as	   a	   potentially	   confounding	   nuisance	   variable	   (e.g.	   sampling	  162	  
effort	  may	  have	  varied	  across	  sites)	  rather	  than	  representing	  anything	  likely	  to	  have	  163	  
been	  correlated	  with	  Whinchat	  biology.	  Sites	   in	  any	  case	  were	  very	  close	   together	  164	  
and	  site	  boundaries	  only	  existed	  as	  defined	  by	  us	  during	  the	  study.	  	  	  165	  
	  166	  
Study	  subjects	  167	  
Birds	  were	  captured	  with	  spring	  traps	  and	  mist	  nets	  using	  conspecific	  playback	  and	  168	  
live	   bait.	   In	   winter	   1,	   birds	   were	   captured	   from	   late	   January	   to	   mid-­‐February;	   in	  169	  
	   7	  
winter	  2,	  birds	  were	  captured	   from	   late	  September	  until	  mid-­‐November,	  and	   from	  170	  
mid-­‐February	   to	   early	  March.	   Additional	   birds	   were	   captured	   in	   winter	   3	   but	   are	  171	  
excluded	  from	  analyses	  involving	  return	  rates	  and	  territory	  size	  because	  return	  rates	  172	  
were	  unknown	  and	  resightings	  were	   less	  precise	   in	  winter	  3	  (see	  below).	  Each	  bird	  173	  
was	  uniquely	  colour	  ringed,	  sexed	  and	  aged	  as	  either	  first-­‐winter	  or	  adult	  (Jenni	  and	  174	  
Winkler	   2004),	   and	  biometric	   information	   (maximum	  wing	   cord,	   tarsus,	  mass)	   and	  175	  
moult	  score	  were	  recorded.	  The	  age	  and	  sex	  of	  birds	  caught	  did	  not	  differ	  between	  176	  
the	  study	  sites	  (Chi	  squared	  tests	  on	  all	  birds	  captured	  across	  study:	  age:	  χ2	  =	  2.7,	  df	  177	  
=	   5,	   p	   =	   0.75,	   n	   =	   409;	   sex:	   χ2	   =	   5.9,	   p	   =	   0.32,	   n	   =	   407).	   In	   total,	   176	   birds	   were	  178	  
captured	  in	  winters	  1	  and	  2,	  of	  which	  154	  were	  resighted	  at	  least	  once	  after	  capture.	  	  179	  
	  180	  
Resighting	  individuals	  181	  
Individuals	  were	  resighted	  throughout	  winters	  to	  determine	  1)	  the	  location	  and	  size	  182	  
of	  territories	  (winters	  1	  and	  2),	  and	  2)	  the	  degree	  of	  residency	  and	  site	  fidelity	  within	  183	  
and	  between	  winters	   (all	   years).	   In	  winters	  1	  and	  2,	   resighting	  efforts	   focussed	  on	  184	  
obtaining	   undisturbed	   resightings	   to	   gain	   accurate	   estimates	   of	   territory	   size	   and	  185	  
location	   and	   winter	   residency.	   In	   winter	   3,	   resightings	   were	   less	   precise	   because	  186	  
focus	   shifted	   to	   just	   relocating	   birds.	   Resightings	   were	   carried	   out	   from	   dawn	  187	  
(~06:00)	  until	  11:00	  and	  16:00	  until	  dusk	  (~18:30).	  Because	  whinchats	  typically	  perch	  188	  
on	   shrubs	   and	   other	   structures	   where	   they	   are	   easily	   visible	   and	   make	   frequent	  189	  
sallies	  to	  fly-­‐catch	  and	  feed	  from	  the	  ground,	  birds	  were	  easily	  detected	  if	  they	  were	  190	  
present.	   For	   winter	   2	   (for	   which	   we	   later	   determined	   departure	   month	   and	  191	  
resighting	   probability,	   see	   below),	   all	   territories	  were	   visited	   at	   least	  weekly	   from	  192	  
late	  September	  to	  mid-­‐May	  (but	  often	  more	  frequently)	  until	  a	  bird	  was	  considered	  193	  
to	  have	  departed,	  as	  determined	  by	  not	  resighting	  an	  individual	  after	  four	  territory	  194	  
visits.	  Note	  that	  because	  territories	  were	  spread	  throughout	  the	  study	  site	  and	  were	  195	  
close	   together,	  we	  often	   continued	   to	   visit	   territories	   of	   departed	  birds	   (i.e.	  when	  196	  
visiting	  other	  territories).	  We	  are	  therefore	  confident	  that	  departure	  month	  could	  be	  197	  
accurately	  determined.	  Whinchats	  were	  located	  with	  binoculars	  (Swarovski	  SV	  8x32)	  198	  
and	  colour	  combinations	  read	  using	  a	  spotting	  scope	  (Zeiss	  Diascope	  65	  mm	  with	  25x	  199	  
eyepiece).	  Locations	  of	  ringed	  individuals	  were	  recorded	  with	  a	  GPS	  device	  (Garmin	  200	  
GPSMAP	   64).	   To	   enable	   unbiased	   estimates	   of	   the	   territory	   location,	   and	   to	  201	  
	   8	  
determine	  territory	  size	  and	  use,	  each	  sighting	  was	  scored	  for	  confidence	  regarding	  202	  
whether	  the	  bird	  was	  undisturbed	  before	  being	  sighted,	  and	  we	  recorded	  the	  date	  203	  
and	  time	  to	  the	  nearest	  minute	  of	  each	  resighting.	  A	  Whinchat	  could	  travel	  across	  its	  204	  
territory	  within	  seconds	  and	  the	  time	  between	  observations	  was	   found	  to	  have	  no	  205	  
influence	  on	   the	   spatial	   independence	  of	   resightings	   (general	   linear	  model	   (LM)	  of	  206	  
distance	  between	  resightings	  ~	  observation	  time	  (controlling	  for	   individual):	  F1,762	  =	  207	  
0.02,	  p	  =	  0.90;	  765	  observations	  of	  119	  individuals).	  Coordinates	  were	  converted	  to	  208	  
UTM	   units	   (Zone	   32N)	   for	   analyses	   to	   give	   position	   in	   metres	   on	   the	   globe.	  209	  
Resightings	  were	   viewed	   and	   edited	  where	   necessary	   in	   ArcMAP	   10.1	   (ERSI	   2012)	  210	  
and	   Garmin	   BaseCamp	   software	   (version	   4.2.4;	   Garmin	   International,	   Inc.,	   Olathe,	  211	  
KS,	  USA).	  	  212	  
	  213	  
Calculating	  territory	  size	  214	  
The	  conventional	  method	  of	  determining	  territory	  or	   range	  size	   for	  animals	   is	  with	  215	  
Minimum	   Convex	   Polygons	   (MCP),	   but	   this	   method	   requires	   many	   resightings	   for	  216	  
accurate	  descriptions	  of	  space	  use	  and	  is	  subject	  to	  several	  biases	  (see	  Hansteen	  et	  217	  
al.	  1997;	  Börger	  et	  al.	  2006).	  Our	  aim	  was	   to	  determine	   the	  area	  a	  bird	  used	  over	  218	  
winter	   and	   the	   size	   and	   location	   of	   its	   territory,	   rather	   than	   exact	   territory	  219	  
boundaries.	   Therefore	   we	   determined	   an	   index	   of	   territory	   size	   from	   resightings	  220	  
scored	  as	  undisturbed	  for	  birds	  resighted	  in	  winters	  1	  and	  2.	  For	  each	  individual,	  the	  221	  
territory	   centre	   was	   determined	   by	   averaging	   the	   position	   of	   all	   resightings.	   The	  222	  
mean	  distance	  between	  each	  resighting	  and	  the	  territory	  centre	  was	  then	  calculated	  223	  
and	  doubled	  to	  give	  an	  estimate	  of	  territory	  diameter.	  This	  was	  used	  as	  a	  measure	  of	  224	  
territory	   size.	   Territory	   size	   was	   calculated	   for	   individuals	   with	   at	   least	   five	  225	  
undisturbed	   resightings	   from	   winters	   1	   and	   2.	   Five	   was	   chosen	   as	   a	   minimum	  226	  
number	   in	   order	   to	   reduce	   the	   influence	   of	   increasing	   resighting	   sample	   size	   on	  227	  
estimates	   of	   territory	   size	   (Börger	   et	   al.	   2006),	   whilst	   still	   maintaining	   adequate	  228	  
sample	   sizes.	   Of	   the	   35	   and	   67	   birds	   resighted	   after	   capture	   in	   winters	   1	   and	   2,	  229	  
respectively,	   33	   and	   39	   individuals	   had	   at	   least	   five	   independent	   resightings,	  230	  
respectively.	   If	   the	  minimum	   number	   of	   resightings	   required	   to	   calculate	   territory	  231	  
size	  was	  increased	  to	  10,	  the	  average	  territory	  diameter	  was	  altered	  by	  4	  m	  (6%)	  and	  232	  
the	  result	  of	  all	  analyses	  including	  territory	  size	  were	  unchanged,	  suggesting	  that	  five	  233	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resightings	  were	   adequate	   for	   analyses.	  We	   used	   an	   individual’s	   average	   territory	  234	  
diameter	   across	   years	   when	   its	   territory	   size	   was	   measured	   in	   multiple	   winters.	  235	  
Coordinates	   recorded	  with	  GPS	   devices	   have	   an	   error	   of	   approximately	   ±5	  m	   (our	  236	  
device	   gave	   an	   accuracy	   of	   approximately	   ±2	   –	   3	   m	   in	   Nigeria),	   which	   may	   have	  237	  
influenced	  our	  measures	  of	   territory	  size;	  however	  we	  assume	  here	   that	   this	  error	  238	  
was	  similar	  across	  territories	  and	  should	  affect	  each	  individual	  measure	  of	  territory	  239	  
size	   similarly.	   We	   therefore	   did	   not	   adjust	   for	   GPS	   inaccuracy	   when	   calculating	  240	  
territory	  size.	  241	  
	  242	  
Establishing	  the	  scale	  of	  site	  fidelity	  243	  
To	   determine	   the	   degree	   of	   observed	   site	   fidelity	   for	   winter	   1	   birds	   returning	   in	  244	  
winter	  2,	  we	  compared	  the	  distance	  between	  territory	  centres	  between	  years	  with	  245	  
territory	  size.	  Because	  territory	  size	  was	  not	  calculated	  in	  winter	  3	  for	  birds	  returning	  246	  
from	   winter	   2	   due	   to	   the	   less	   precise	   resighting	   methodology,	   we	   compared	   the	  247	  
distances	  between	  the	  mean	  central	  point	  of	  resighting	  locations	  in	  winter	  3	  and	  the	  248	  
mean	  central	   point	  of	   all	   available	   resighting	   locations	   in	  winter	  2	   to	  establish	   the	  249	  
degree	  of	  site	  fidelity	   in	  winter	  3.	  Some	  individuals	  that	  were	  ringed	  as	  first-­‐winter	  250	  
birds	   in	  winter	  1	   returned	   in	  both	  winters	  2	   and	  3.	  When	   calculating	   return	   rates,	  251	  
these	   birds	  were	   considered	   as	   first-­‐winter	   birds	   between	  winters	   1	   and	   2	   and	   as	  252	  
adults	   between	   winters	   2	   and	   3.	   When	   modelling	   predictors	   of	   return	   rates,	   any	  253	  
birds	   from	  winter	  1	   that	   returned	   in	  multiple	  years	  were	  only	  considered	   in	  return	  254	  
rates	   between	   winters	   1	   and	   2	   to	   avoid	   pseudoreplication.	   As	   with	   calculating	  255	  
territory	  size,	  we	  did	  not	  adjust	  for	  any	  GPS	  inaccuracy	  because	  we	  assume	  this	  error	  256	  
to	  be	  unbiased	  and	  similar	  across	  all	  territories	  and	  years.	  257	  
	  258	  
Establishing	  resighting	  effort	  and	  detectability	  	  259	  
Resighting	   effort	   was	   determined	   from	   94	   resighting	   visits	   to	   sites	   between	   1st	  260	  
November	   2012	   and	   24th	   April	   2013	   when	   resighting	   routes	   were	   recorded.	   Note	  261	  
that	  many	  more	  resighting	  visits	  were	  made	  to	  all	  territories	  both	  outside	  and	  within	  262	  
this	   period	   where	   effort	   was	   not	   recorded.	   Visits	   were	   either	   partial	   (<50%	   of	   all	  263	  
territories	   at	   the	   site	   visited)	  or	   complete	   visits	   (>=50%	  of	   all	   territories	   visited).	  A	  264	  
territory	  was	   considered	   visited	   if	   the	   observer	  walked	   across	   at	   least	   30%	   of	   the	  265	  
	   10	  
known	   territory	   area.	  Across	   all	   sites,	   resighting	   effort	  was	   recorded	   for	   33	  partial	  266	  
and	  25	  complete	  site	  visits	  with	  82	  territories	  visited	  in	  total	  during	  this	  time.	  267	  
	  268	  
The	  percentage	  probability	  of	  resighting	  a	  bird	  was	  calculated	  as	  the	  number	  times	  a	  269	  
bird	  was	  seen	  out	  of	  the	  total	  visits	  to	  its	  territory	  for	  individuals	  that	  were	  resighted	  270	  
at	   least	   once	   during	   the	   above	   period.	   The	   probability	   of	   detecting	   an	   individual	  271	  
across	   years,	   should	   that	   individual	   disperse	   at	   increasing	   spatial	   scales,	   was	  272	  
estimated	   for	   all	   birds	   resighted	   in	  winter	   2	   by	   calculating	   the	   proportion	   of	   their	  273	  
territory	   that	  would	   still	   be	   included	   in	   the	   study	   area	   in	  winter	   3	   after	   dispersal.	  274	  
Territory	  diameter	  was	  used	  as	   territory	  size.	  For	  birds	   resighted	   in	  both	  winters	  1	  275	  
and	   2,	   territory	   diameter	   from	   winter	   2	   was	   used.	   For	   birds	   where	   the	   territory	  276	  
location	   was	   known	   but	   territory	   diameter	   not	   calculated	   due	   to	   an	   insufficient	  277	  
number	  of	  resightings	  (n	  =	  52	  birds),	  we	  used	  the	  mean	  territory	  diameter	  across	  all	  278	  
individuals	   (64	  m	  ±1.8	  m,	   range	  11	  –	   106	  m,	  n	   =	   113).	  A	  GIS	   analysis	  was	  used	   to	  279	  
determine	   detection	   probability	   after	   dispersal	   (ArcMAP	   10.1	   (ERSI	   2012)).	   To	   do	  280	  
this,	  possible	  territory	  locations	  after	  dispersal	  were	  determined	  using	  a	  combination	  281	  
of	   the	   ‘buffer’	   tool	   (to	   create	   new	   territories	   of	  multiples	   of	   the	   territory	   size	   for	  282	  
each	  individual)	  and	  the	  ‘union’	  feature	  in	  the	  Overlay	  Analysis	  Toolbox	  to	  calculate	  283	  
the	   location	   of	   territories	   after	   dispersal	   and	   the	   proportion	   still	   within	   the	   study	  284	  
area.	  	  285	  
	  286	  
Within-­‐winter	  residency	  287	  
There	   was	   a	   negative	   relationship	   between	   capture	   date	   and	   residency	   time	   if	  288	  
individual	   residency	   time	   was	   calculated	   as	   the	   period	   from	   capture	   date	   to	   last	  289	  
resighting	  (b	  =	  -­‐1.22,	  t55	  =	  -­‐2.9,	  R2	  =	  0.12,	  F1,53	  =	  8.5,	  p	  <0.01,	  n	  =	  55:	  i.e.	  birds	  caught	  290	  
late	   in	   the	   year	   could	   only	   be	   resident	   for	   shorter	   periods).	   Furthermore,	   the	  291	  
probability	  of	  resighting	  a	  bird	  was	  not	  100%	  for	  one	  territory	  visit.	  This	  meant	  that	  292	  
neither	  capture	  date	  or	  departure	  day	  could	  not	  be	  used	  as	  a	  biologically	  meaningful	  293	  
predictor	  of	  how	  long	  Whinchats	  chose	  to	  spend	  in	  a	  wintering	  territory.	  Because	  of	  294	  
this	  uncertainty	  in	  arrival	  times	  and	  relatively	  low	  resolution	  of	  measuring	  departure	  295	  
times,	  we	   investigated	  variation	   in	   residency	  within	  a	  winter	   simply	  by	   scoring	   the	  296	  
month	  of	  departure	  of	  all	  birds,	  as	  determined	  by	  not	  resighting	  an	  individual	  after	  297	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four	   territory	   visits.	   Departure	   month	   was	   then	   used	   as	   a	   response	   variable	   in	   a	  298	  
model	  with	  sex	  and	  age	  as	  predictors,	  and	  site	   included	  as	  a	  potential	  confounding	  299	  
variable,	   and	   their	   interactions.	   This	   method	   was	   adopted	   rather	   than	   the	   mark-­‐300	  
recapture	  survival	  analysis	  initially	  attempted	  because	  resighting	  and	  capture	  effort	  301	  
varied	  across	  the	  three	  study	  winters.	  	  To	  determine	  whether	  shorter	  residency	  was	  302	  
due	   to	   mortality,	   return	   rates	   for	   the	   following	   winter	   were	   compared	   between	  303	  
individuals	  that	  left	  sites	  early	  (short	  residency)	  and	  those	  that	  remained	  for	  at	  least	  304	  
50%	   of	   the	   winter	   (long	   residency).	   Resightings	   over	   four	   winters	   suggest	   that	  305	  
Whinchats	   arrive	   in	  mid-­‐September	   and	  depart	   until	   late-­‐April,	   and	   so	  we	  defined	  306	  
short	   residency	  as	  departure	  within	   September,	  October,	  November	  or	  December,	  307	  
and	  long	  residency	  as	  departure	  from	  1st	  January	  onwards.	  	  308	  
	  309	  
Sample	  sizes	  and	  statistical	  analyses	  310	  
Birds	  were	  only	  included	  in	  the	  study	  if	  they	  had	  been	  resighted	  at	  least	  once	  after	  311	  
capture.	  Birds	  from	  sites	  A,	  B	  and	  C	  are	  included	  in	  all	  analyses,	  whereas	  birds	  from	  312	  
sites	  D	  and	  E	  were	  excluded	  from	  analyses	  involving	  territory	  size	  or	  winter	  residency	  313	  
because	   resighting	   locations	   recorded	   for	   these	   individuals	  were	   less	   accurate	   and	  314	  
none	  of	   these	  birds	  were	   ringed	  within	   the	  period	   required	   to	   calculate	  departure	  315	  
month	   (see	   below).	   One	   individual	   was	   excluded	   from	   analyses	   exploring	   the	  316	  
probability	   of	   detection	   because	   its	   territory	   was	   visited	   too	   infrequently.	   Birds	  317	  
which	  could	  not	  be	  confidently	  aged	  or	  sexed	  were	  excluded	  from	  models	  including	  318	  
age	   and	   sex	   as	   predictors.	   We	   modelled	   month	   of	   departure	   and	   residency	   time	  319	  
(short	  or	  long)	  within	  winter	  2	  only,	  i.e.	  when	  resighting	  effort	  was	  highest,	  and	  only	  320	  
for	   birds	   captured	   either	   in	   winter	   2	   before	   December,	   or	   birds	   returning	   from	  321	  
winter	   1	   and	   resighted	   before	   December.	   To	   exclude	   any	   transient	   birds	   or	   any	  322	  
capture	   effects	   (e.g.	   relocation	   after	   capture),	   all	   of	   these	   individuals	   had	   been	  323	  
resighted	  at	  least	  30	  days	  after	  capture.	  The	  numbers	  of	  individuals	  included	  in	  this	  324	  
study	  are	  shown	  in	  Table	  1,	  with	  test-­‐specific	  sample	  sizes	  given	  within	  ‘Results’.	  325	  
	  326	  
Aspects	   of	   wintering	   ecology	   were	   explored	   with	   general	   and	   generalised	   linear	  327	  
models	  carried	  out	  in	  R	  version	  3.0.1	  (R	  Development	  Core	  Team	  2013)	  and	  RStudio	  328	  
Version	  0.98.507.	  Analysis	  of	  Variance	   (ANOVA)	  was	  used	   to	  explore	  differences	   in	  329	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resighting	  probability	  across	  sites.	  Logistic	   regression	  (GLM)	  was	  used	  for	  exploring	  330	  
predictors	  of	  return	  rates	  and	  the	  influence	  of	  residency	  period	  on	  the	  probability	  of	  331	  
return	   in	   the	   following	   winter.	   A	   general	   linear	   model	   (LM)	   was	   used	   to	   explore	  332	  
predictors	   of	   departure	  month.	   Paired	   t-­‐tests	  were	   used	   to	   explore	   differences	   in	  333	  
territory	  size	  between	  years.	  Multiple	  regression	  model	  simplification	  was	  based	  on	  334	  
Akaike	  Information	  Criterion	  (AIC)	  (Bozdogan	  1987)	  for	  dredge	  analyses	  (see	  below),	  335	  
were	  a	  value	  of	  ΔAICc	  ≥	  2	  was	  used	  to	  identify	  distinct	  models.	  For	  models	  with	  fewer	  336	  
variables,	  we	  used	  an	  ANOVA	  comparison	  between	  models	  to	  remove	  variables	  that	  337	  
failed	   to	   add	   a	   significant	   contribution.	   For	  models	   of	   the	   same	   or	   similar	   sample	  338	  
size,	   a	   ‘dredge’	   analysis	   was	   used	   to	   identify	   the	   best,	   simplest	   models	   (Bartoń	  339	  
2012):	   cases	   with	   missing	   values	   were	   removed	   from	   the	   dataset	   as	   required	   for	  340	  
dredge	  analyses,	  and	  resulting	  best	  models	  were	  produced	  using	  complete	  datasets.	  341	  
When	   presenting	   top	   models	   from	   dredge	   analyses,	   we	   presented	   models	   within	  342	  
four	  AIC	  of	   the	   top	  model.	  Model	   fits	  were	  evaluated	   from	  diagnostic	  model	  plots	  343	  
and	  models	   were	   presented	   if	   assumptions	   were	   reasonably	   met	   (Crawley	   2007).	  344	  
Data	   were	   checked	   for	   normality	   when	   necessary	   and	   for	   multicollinearity	   with	  345	  
variance	  inflation	  factors	  in	  the	  CARS	  package	  (Fox	  and	  Weisberg	  2010).	  Mean	  values	  346	  
are	  presented	  as	  means	  ±	  one	   standard	  error	   in	   all	   cases.	  A	   statistical	   significance	  347	  




1.	  Return	  rates	  to	  the	  study	  site	  and	  influence	  of	  age	  and	  sex	  352	  
Return	   rates	  were	  58%	   in	  winter	  2	  and	  52%	   in	  winter	  3,	  averaging	  54%	  across	   the	  353	  
two	  winters.	  In	  no	  cases	  did	  a	  bird	  fail	  to	  return	  in	  its	  second	  winter	  but	  then	  return	  354	  
in	  its	  third	  winter.	  A	  bird’s	  age	  or	  sex	  did	  not	  influence	  the	  probability	  of	  resighting	  355	  
that	   individual	   in	   the	   following	   winter	   (Logistic	   regression:	   model	   averaged	  356	  
parameters	  of	  top	  11	  models	  within	  four	  AIC	  of	  top	  model:	  age:	  z	  =	  0.7,	  p	  =	  0.47;	  sex:	  357	  
z	  =	  0.04,	  p	  =	  0.97;	  body	  size	  at	  time	  of	  capture,	  winter	  and	  site	  also	  included	  within	  358	  
main	   model	   (all	   terms	   including	   interaction	   terms	   between	   age,	   sex	   and	   site	   not	  359	  
significant);	  n	  =	  88).	  	  360	  
	  361	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2.	  Power	  to	  detect	  dispersal	  and	  opportunity	  for	  dispersal	  362	  
Probability	  of	  detection	  within	  winters	  363	  
Across	   all	   individuals,	   the	   probability	   of	   resighting	   an	   individual	   that	   was	   seen	   at	  364	  
least	  once	  after	  ringing	  if	   its	  territory	  was	  visited	  once	  was	  63%	  (±2.4%,	  range	  11	  –	  365	  
100%,	  n	  =	  81).	  Each	  time	  a	  site	  was	  visited,	  59%	  of	  birds	  on	  average	  were	  detected	  366	  
out	  of	  all	  birds	  whose	  territories	  were	  visited	  (±3.3%,	  range	  0	  –	  100%	  detected,	  n	  =	  367	  
77).	  For	  the	  period	  for	  which	  resighting	  effort	  was	  known,	  on	  average	  each	  territory	  368	  
was	  visited	  nine	  times	   (±0.51,	   range	  1	  –	  18,	  n	  =	  81)	  –	  note	  that	   further	  visits	  were	  369	  
made	  to	  territories	  where	  resighting	  effort	  was	  not	  recorded.	  When	  accounting	  for	  370	  
the	   probability	   of	   encountering	   a	   bird	   when	   its	   territory	   was	   visited,	   there	   was	   a	  371	  
probability	  of	  almost	  100%	  of	  detecting	  a	  resident	  individual	  during	  a	  study	  winter.	  372	  
	  373	  
The	  probability	  of	   resighting	  an	   individual	  did	  not	  vary	  between	  sites	   (F2	  =	  2.6,	  p	  =	  374	  
0.08,	  n	  =	  81),	  nor	  with	  the	  number	  of	  days	  into	  the	  study	  (F1,78	  =	  0.5,	  p	  =	  0.47,	  n	  =	  81;	  375	  
Figure	  2a).	  Similarly,	  the	  proportions	  of	  individuals	  resighted	  each	  visit	  did	  not	  differ	  376	  
between	  sites	  (F2,74	  =	  0.5,	  p	  =	  0.63,	  n	  =	  77),	  nor	  with	  number	  of	  days	  into	  the	  study	  (F	  377	  
1,75	  =	  0.6,	  p	  =	  0.44,	  n	  =	  77;	  Figure	  2b).	  	  378	  
	  379	  
Probability	  of	  detecting	  dispersal	  between	  years	  380	  
The	  average	  territory	  diameter	  across	  all	  birds	  in	  both	  years	  was	  64	  m	  (±1.8	  m,	  range	  381	  
11	  –	  106	  m,	  n	  =	  113,	   Figure	  3).	  Across	   all	   birds,	   shifting	  one	   territory	  upon	   return	  382	  
reduced	   the	   probability	   of	   remaining	   in	   the	   study	   area	   by	   on	   average	   7%,	   and	   a	  383	  
returning	  bird	  could	  disperse	  up	  to	  eight	  territories	  from	  the	  previous	  winter	  before	  384	  
the	  chance	  of	  it	  remaining	  within	  the	  study	  area	  dropped	  below	  50%	  (n	  =	  130;	  Table	  385	  
2,	  Figure	  3).	  At	  least	  80%	  of	  the	  territory	  would	  remain	  in	  the	  study	  area	  for	  25%	  of	  386	  
all	  birds	  (n	  =	  32)	  after	  shifting	  as	  many	  as	  six	  territories	  (Figure	  3).	  For	  birds	  resighted	  387	  
in	   winter	   2,	   a	   500	  m	   shift	   from	   the	   previous	   winter’s	   territory	   resulted	   in	   a	   44%	  388	  
probability	  of	  a	  bird	  staying	  in	  the	  study	  area.	  No	  birds	  would	  have	  been	  within	  the	  389	  
study	  area	  if	  they	  dispersed	  10	  km	  or	  more	  in	  the	  following	  year	  (Table	  2).	  390	  
	  391	  
Overall	  power	  of	  estimating	  larger-­‐scale	  dispersal	  	  392	  
	   14	  
Overall,	  89	  individuals	  were	  known	  to	  be	  resident	  in	  winter	  2.	  With	  observed	  return	  393	  
rates	  of	  54%	  and	  site	   fidelity	  at	   the	   territory	   level,	  48	   individuals	   returned	   to	   their	  394	  
territories	   in	   the	   following	   year.	   Of	   the	   remaining	   41	   individuals,	   assuming	   all	  395	  
survived,	  eight,	   four	  and	  two	  birds	  should	  have	  been	  found	  within	  the	  study	  site	   if	  396	  
they	  dispersed	  0.5	  km,	  1	  km	  or	  5	  km	  respectively	  (Figure	  4).	  If	  only	  50%	  (n	  =	  20)	  of	  397	  
these	   individuals	  had	   survived	  and	  dispersed,	   four,	   two	  and	  one	  birds	   respectively	  398	  
should	  have	  been	  detected	  away	  from	  their	  territories.	  	  399	  
	  400	  
Opportunity	  for	  local	  dispersal	  401	  
Across	  all	  returning	  birds,	  the	  average	  distance	  between	  their	  territory	  centre	  in	  the	  402	  
first	   year	   and	   the	   centre	   of	   the	  nearest	   unoccupied	   territory	   in	   the	   following	   year	  403	  
(i.e.	  a	  territory	  that	  was	  occupied	  in	  the	  previous	  winter	  but	  now	  empty)	  was	  107	  m	  404	  
(±10.0	  m,	  range	  7	  –	  538	  m,	  n	  =	  76,	  Figure	  5).	  On	  average,	  each	  individual	  had	  at	  least	  405	  
one	   known	   unoccupied	   territory	   within	   100	   m,	   and	   three	   unoccupied	   territories	  406	  
within	  200	  m	  of	  the	  centre	  of	  the	  territory	  in	  the	  previous	  year	  (n	  =	  80).	  For	  birds	  for	  407	  
which	  the	  location	  of	  the	  territory	  centre	  was	  accurately	  known	  in	  both	  years,	  50%	  408	  
of	  individuals	  had	  unoccupied	  territories	  that	  were	  closer	  to	  the	  territory	  centre	  than	  409	  
their	  average	  territory	  diameter	  (n	  =	  19).	  410	  
	  411	  
3.	  Scale	  of	  spatial	  site	  fidelity	  and	  levels	  of	  dispersal	  detected	  412	  
Winter	  1	  vs.	  winter	  2	  413	  
The	  average	  movement	  between	  territory	  centres	  in	  winter	  1	  vs.	  winter	  2	  was	  30	  m	  414	  
(±4.0	  m,	  range	  =	  6	  –	  58	  m,	  n	  =	  19;	  Figure	  5).	  The	  furthest	  movement	  was	  58.3	  m.	  For	  415	  
all	   individuals,	  any	  movement	  in	  the	  centre	  of	  the	  territory	  between	  years	  was	  less	  416	  
than	   the	   territory	   size	   for	   that	   individual	   in	  winter	   1	   (average	   difference	   between	  417	  
movement	  across	  years	  and	  territory	  size	  in	  winter	  1	  =	  -­‐35.5	  ±3.4	  m,	  range	  =	  -­‐61	  –	  -­‐2	  418	  
m;	  Figure	  5),	  showing	  that	  individuals	  returned	  to	  the	  same	  territory	  in	  winter	  2	  and	  419	  
that	   “movements”	   observed	  were	   likely	   due	   to	   the	   resolution	   at	  which	   data	  were	  420	  
collected	   (e.g.	   stochasticity	   from	   using	   a	   limited	   number	   of	   locations	   to	   estimate	  421	  
territory	  size	  index	  and	  GPS	  accuracy)	  rather	  than	  actual	  territory	  shifts.	  422	  
	  423	  
	   15	  
Birds	  returning	  from	  winter	  1	  used	  a	  similar	  sized	  territory	  in	  winter	  2	  (paired	  t-­‐test:	  t	  424	  
=	  -­‐0.07,	  df	  =	  17,	  p	  =	  0.95,	  n	  =	  18;	  Figure	  5).	  	  425	  
	  426	  
Winter	  2	  vs.	  winter	  3	  427	  
Across	  all	   individuals,	  birds	  were	  resighted	  on	  average	  21	  m	  from	  where	  they	  were	  428	  
seen	   in	   the	   previous	   year	   (±3.2	   m,	   range	   =	   1	   –	   118	   m,	   n	   =	   54)	   and	   none	   were	  429	  
resighted	  further	  than	  118	  m	  from	  any	  one	  known	  location	  in	  the	  previous	  year.	  In	  430	  
terms	  of	  range	  size,	  the	  average	  difference	  between	  the	  maximum	  range	  in	  winter	  2	  431	  
(as	  determined	  by	  the	  furthest	  distance	  between	  known	  locations)	  and	  the	  distance	  432	  
between	  the	  furthest	  resighting	  in	  winter	  3	  from	  a	  known	  location	  in	  winter	  2	  was	  55	  433	  
m	  (±5.5	  m,	  range	  =	  2	  –	  165	  m),	  equal	  to	  less	  than	  the	  width	  of	  one	  territory	  (Figure	  434	  
3).	  	  435	  
	  436	  
	  4.	  Temporal	  scale	  of	  fidelity	  437	  
Degree	  of	  residency	  and	  predictors	  of	  residency	  period	  	  438	  
The	  minimum	  number	  of	  days	  a	  bird	  was	  known	  to	  be	   resident	  at	  a	   site	   (i.e.	   from	  439	  
capture	   until	   last	   resighting	   for	   birds	   ringed	   in	   winter	   2,	   and	   from	   first	   to	   last	  440	  
resighting	   for	  birds	   returning	   from	  the	  previous	  winter)	  was	  31	   to	  180	  days	   (mean	  441	  
107	  ±4.9	  days,	  n	  =	  67).	  Departure	  month	  varied	  from	  November	  to	  March	  (12%,	  9%,	  442	  
28%,	   24%,	   27%	   departing	   Nov,	   Dec,	   Jan,	   Feb	   and	  Mar	   respectively,	  n	   =	   67	   birds).	  443	  
Departure	  month	  differed	  significantly	  across	  sites	  and	  with	  age,	  with	  birds	  spending	  444	  
less	  of	  the	  winter	  at	  sites	  B	  and	  C	  relative	  to	  site	  A,	  and	  departing	  later	  if	  they	  were	  445	  
first-­‐winter	  birds	  (Table	  3,	  Figure	  6).	  	  446	  
	  447	  
Relationships	  between	  residency	  period	  and	  probability	  of	  return	  448	  
Ten	  of	  14	  birds	  (71%)	  with	  short	  residency	  periods	  and	  33	  of	  53	  birds	  (62%)	  with	  long	  449	  
residency	   periods	   returned	   in	   the	   following	   winter	   (n	   =	   67).	   Return	   rates	   did	   not	  450	  
differ	  between	  birds	  with	  short	  or	   long	   residency	  periods	  when	  controlling	   for	   site	  451	  
(Table	  4);	  i.e.	  birds	  which	  were	  resighted	  for	  only	  a	  short	  duration	  of	  the	  winter	  were	  452	  
just	  as	  likely	  to	  return	  in	  the	  following	  winter	  as	  birds	  that	  were	  resident	  for	  most	  of	  453	  
the	  winter.	  We	   also	   tested	  month	   of	   departure	   as	   a	   continuous	   variable	   to	   see	   if	  454	  
departure	  date	  was	  a	  proxy	  for	  within	  winter	  survival	  (i.e.	  early	  departures	  were	  in	  455	  
	   16	  
fact	  more	  likely	  to	  be	  deaths),	  but	  departure	  month	  was	  not	  a	  significant	  predictor	  456	  
when	  included	  in	  the	  same	  model	  (β	  =	  -­‐0.31	  ±0.46,	  z	  =	  -­‐0.7,	  p	  =	  0.50).	  	  457	  
	  458	  
Discussion	  459	  
Return	  rates,	  dispersal	  and	  the	  ability	  to	  estimate	  ‘true’	  survival	  460	  
The	  lack	  of	  local	  dispersal,	  high	  detection	  probability	  and	  low	  probability	  that	  large-­‐461	  
scale	   dispersal	   occurred	   suggests	   that	   a	   54%	   return	   rate	   across	   the	   study	   closely	  462	  
mirrors	  true	  between-­‐winter	  survival	   for	  Whinchats.	  Although	  we	  are	  not	  aware	  of	  463	  
another	  study	  documenting	  between-­‐winter	  return	  rates	  or	  overwinter	  survival	   for	  464	  
Whinchats,	  our	  return	  rates	  in	  both	  years	  are	  higher	  or	  similar	  to	  return	  or	  survival	  465	  
rates	  documented	  for	  Whinchats	  on	  the	  breeding	  grounds	  (return	  rates	  of	  11	  –	  47%	  466	  
(Schmidt	   and	   Hantge	   1954;	   Bezzel	   and	   Stiel	   1977;	   Bastian	   1992)	   and	   apparent	  467	  
survival	  estimates	  of	  48%	  in	  adult	  males,	  21%	  in	  adult	  females	  and	  17%	  in	  juveniles	  468	  
in	   Switzerland	   (Müller	   et	   al.	   2005),	   and	   27%	   in	   Russia	   (Shitikov	   et	   al.	   2015).	   Our	  469	  
return	   rates	   are	   also	   generally	   similar	   or	   higher	   than	   those	   documented	   for	   other	  470	  
site-­‐faithful	  Palearctic	  migrants	  (true	  survival	  rates	  of	  adult	  passerines	  are	  reported	  471	  
to	  be	  30	  –	  60%	  (Karr	  et	  al.	  1990;	  Payevsky	  et	  al.	  1997;	  Siriwardena	  et	  al.	  1998)),	  for	  472	  
example	  Great	  Reed	  Warbler	  Acrocephalus	  arundinaceus:	  return	  rate	  of	  55%	  (Bensch	  473	  
and	  Hasselquist	  1991);	  Garden	  Warbler	  Sylvia	  borin:	  apparent	  survival	  estimates	  of	  474	  
11	   –	   44%	   (Shitikov	   et	   al.	   2013),	   Yellow	  Wagtail	  Motacilla	   flava:	   apparent	   survival	  475	  
estimates	  of	  20	  –	  100%	  and	  53%	  in	  Russia	  and	  Britain,	  respectively	  (Siriwardena	  et	  al.	  476	  
1998;	  Shitikov	  et	  al.	  2012);	  Barn	  Swallow Hirundo	  rustica:	  survival	  estimates	  of	  36	  –	  477	  
42%	   (Møller	   and	   Szép	   2005;	   Robinson	   et	   al.	   2008);	   Sand	   Martin Riparia	   riparia:	  478	  
survival	  estimates	  of	  29	  –	  31%	  (Cowley	  and	  Siriwardena	  2005;	  Robinson	  et	  al.	  2008);	  479	  
Common	  House	  Martin	  Delichon	  urbicum:	  survival	  estimate	  of	  42%	  (Robinson	  et	  al.	  480	  
2008),	   Common	   Whitethroat	   Sylvia	   communis:	   survival	   estimates	   of	   9	   –	   39%	  481	  
(Shitikov	  et	  al.	  2013);	  Reed	  Warbler	  Acrocephalus	  scirpaceus:	  survival	  estimates	  of	  33	  482	  
–	  60%,	  and	  also	  many	  Neotropical	  migrants	  (Desante	  et	  al.	  1995).	  That	  winter	  return	  483	  
rates	  are	  higher	  than	  documented	  in	  the	  breeding	  season	  is	  not	  surprising	  given	  the	  484	  
high	  site	  fidelity	  we	  documented	  and	  our	  ability	  to	  detect	  dispersal	  on	  the	  wintering	  485	  
grounds.	  If	  this	  is	  generally	  true	  across	  migrants,	  annual	  survival	  estimates	  from	  the	  486	  
wintering	   grounds	   are	   likely	   to	   be	   more	   accurate	   than	   those	   estimated	   on	   the	  487	  
	   17	  
breeding	   grounds	   because	   dispersal	   is	   frequently	   reported	   during	   the	   breeding	  488	  
season	  (Paradis	  et	  al.	  1998;	  Newton	  2010b;	  Shitikov	  et	  al.	  2015).	  Consequently,	  our	  489	  
results	   suggest	   that	   studies	   aiming	   to	   accurately	  measure	   true	   annual	   survival	   for	  490	  
migrants	   should	   focus	   on	   winter	   return	   rates.	   Most	   importantly,	   high	   overwinter	  491	  
survival	  (suggested	  by	  no	  evidence	  of	  departure	  month	  or	  residency	  time	  influencing	  492	  
between-­‐year	   survival)	   supports	   previous	   findings	   that	   the	   decline	   in	   breeding	  493	  
populations	   is	   not	   a	   result	   of	   wintering	   conditions	   in	   Whinchats	   (Hulme	   and	  494	  
Cresswell	  2012).	  	  	  495	  
	  496	  
We	   are	   confident	   that	   our	   findings	   of	   extremely	   high	   site	   fidelity	   are	   a	   true	  497	  
representation	  of	  wintering	  behaviour	  because	  of	  our	  ability	  to	  detect	  any	  dispersal	  498	  
occurring	  on	  a	  number	  of	  scales.	  There	  was	  a	  high	  probability	  of	  encountering	  locally	  499	  
dispersing	  birds	  –	  at	   least	  50%	  of	   ‘missing’	   individuals	  would	  have	  been	  detected	  if	  500	  
they	  had	  dispersed	  up	   to	  eight	   territories	  upon	   return,	   and	  nine	   individuals	  would	  501	  
have	   been	   detected	   if	   they	  moved	   0.5km	   –	   yet	   observed	   dispersal	  was	   extremely	  502	  
low.	   When	   we	   were	   able	   to	   compare	   territory	   locations	   between	   years,	   all	  503	  
individuals	   returned	   to	   the	   same	   territory	   they	  held	   in	   the	  previous	  winter	  and	  no	  504	  
bird	  was	   resighted	  more	   than	  118	  m	  from	  where	   it	  had	  been	  seen	   in	   the	  previous	  505	  
year.	   Therefore,	   if	   dispersal	   did	   occur,	   this	  was	   only	   on	   a	   larger	   scale	   (i.e.	   greater	  506	  
than	  5	   km).	  As	  we	  did	  not	  have	   the	  ability	   to	  detect	   these	  movements	  we	   cannot	  507	  
rule	  out	  that	  this	  population	  could	  be	  comprised	  of	  both	  highly	  resident	  and	  widely	  508	  
dispersing	   individuals.	   However,	   the	   similarity	   between	   observed	   return	   rates	   and	  509	  
those	  expected	  when	  comparing	  studies	  of	  other	  migrants	  and	  return	  rates	  on	  the	  510	  
breeding	  grounds	  (see	  above)	  plus	  extremely	  high	  site	  fidelity	  at	  the	  territory-­‐scale	  511	  
implies	  that	  any	  large-­‐scale	  dispersal	  was	  unlikely.	  	  512	  
	  513	  
Site	  fidelity	  and	  wintering	  strategy	  514	  
To	   our	   knowledge,	   this	   is	   one	   of	   the	   first	   studies	   to	   document	   site	   fidelity	   for	   a	  515	  
Palearctic	  migrant	  on	  the	  wintering	  grounds	  and	  to	  further	  explore	  the	  influence	  of	  516	  
local	  dispersal	  on	  this.	  Our	  results	  support	  previous	  observations	  that	  Whinchats	  are	  517	  
site	   faithful	   and	   territorial	   (Barshep	   et	   al.	   2012),	   but	   at	   a	   much	   finer	   scale	   than	  518	  
originally	   thought.	   Although	   a	   shift	   of	   on	   average	   30	   m	   occurred	   between	   years,	  519	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territory	  centres	  were	  always	  within	  the	  boundaries	  of	  the	  old	  territories,	  and	  these	  520	  
shifts	  are	   likely	  an	  artefact	  of	   the	   resolution	  at	  which	  data	  were	   recorded	  and	   the	  521	  
inherent	  inaccuracy	  of	  GPS	  devices.	  Repeat	  occupancy	  of	  winter	  territories	  has	  been	  522	  
documented	  in	  several	  other	  migrants	  (Kricher	  and	  Davis	  1986;	  Holmes	  et	  al.	  1989;	  523	  
Kelsey	  1989;	  Cuadrado	  1992;	  Holmes	  and	  Sherry	  1992;	  Dejaifve	  1994;	  Skilleter	  1995;	  524	  
Sauvage	   et	   al.	   1998;	  Marra	   2000;	   Salewski	   et	   al.	   2000;	   Koronkiewicz	   et	   al.	   2006),	  525	  
along	   with	   territoriality	   over	   winter	   (Kelsey	   1989;	   Bates	   1992;	   Brown	   et	   al.	   2000;	  526	  
Latta	   and	  Faaborg	  2001;	   Salewski	   et	   al.	   2002;	  Rappole	  et	   al.	   2003),	   indicating	   that	  527	  
high	  site	  fidelity	  may	  be	  relatively	  common	  across	  long-­‐distance	  migrants.	  528	  
	  529	  
Our	   findings	   suggest	   that	   the	   benefits	   of	   winter	   territoriality	   and	   site	   fidelity	  530	  
outweigh	  the	  benefits	  of	  competing	  for	  or	  moving	  to	  higher	  quality	  territories	  during	  531	  
winter.	   High	   site	   fidelity	   most	   likely	   results	   in	   site	   familiarity	   and	   greater	  532	  
predictability	   of	   foraging	   opportunities,	   plus	   more	   efficient	   territory	   defence	   and	  533	  
predator	   avoidance,	   all	   of	   which	   will	   promote	   survival	   (Brown	   and	   Long	   2007;	  534	  
Förschler	  et	  al.	  2010).	  Moving	  during	  winter	  or	  not	  holding	  a	  territory,	  on	  the	  other	  535	  
hand,	   is	  often	  associated	  with	  reduced	  survival	  (Rappole	  et	  al.	  1989;	  Winker	  1998).	  536	  
Furthermore,	  the	  benefits	  of	  high	  site	  fidelity	  both	  within	  and	  between	  years	  may	  be	  537	  
greater	   during	   winter	   than	   during	   the	   breeding	   season	   because	   the	   potential	  538	  
benefits	  of	  dispersing	   to	   find	  a	  mate	  or	  a	  suitable	  nesting	   location	  are	  absent.	  Site	  539	  
fidelity	   on	   the	  breeding	   grounds	   is	   often	   lower	   than	  winter,	   even	   for	   species	  with	  540	  
high	   winter	   site	   fidelity	   (Herremans	   et	   al.	   1995;	   Koronkiewicz	   et	   al.	   2006;	  541	  
Tryjanowski	  et	  al.	  2007).	  Evidence	  suggests	  that	  this	  may	  also	  be	  true	  for	  Whinchats	  542	  
(Bezzel	  and	  Stiel	  1977;	  Bastian	  1992;	  Shitikov	  et	  al.	  2012),	  with	  territory	  fidelity	  often	  543	  
reported	   to	   be	   lower	   on	   the	   breeding	   grounds	   than	   what	   we	   document	   here	   for	  544	  
winter	  (Bastian	  1992	  and	  references	  therein;	  I.	  Henderson	  and	  J.	  Taylor,	  unpublished	  545	  
data).	  Most	   likely,	  the	  additional	  pressure	  of	  mate	  acquisition	  reduces	  any	  benefits	  546	  
of	   very	   high	   fidelity	   at	   the	   territory-­‐scale	   on	   the	   breeding	   grounds	   because	   both	  547	  
individuals	  would	  have	  to	  survive	  if	  either	  is	  to	  breed,	  and	  dispersal	  is	  also	  required	  548	  
to	  prevent	  inbreeding.	  Breeding	  site	  fidelity	  may	  therefore	  only	  benefit	  individuals	  if	  549	  
it	  occurs	  at	  a	  larger	  scale,	  such	  as	  fidelity	  to	  a	  larger	  breeding	  region.	  In	  short:	  there	  550	  
may	  be	  many	  reasons	  that	  force	  a	  breeding	  bird	  to	  move	  –	  death	  or	  movement	  of	  a	  551	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partner,	  lack	  of	  nesting	  habitat,	  lack	  of	  resources	  to	  raise	  chicks	  etc.	  (e.g.	  Beheler	  et	  552	  
al.	   2003;	   Middleton	   et	   al.	   2006)	   –	   while	   a	   wintering	   bird	   likely	   requires	   only	   a	  553	  
relatively	   low	   level	   of	   resources	   to	   ensure	   daily	   survival	   and	   therefore	   has	   fewer	  554	  
reasons	  to	  move.	  	  555	  
	  556	  
Evidence	  for	  a	  generalist	  wintering	  strategy	  557	  
High	   site	   fidelity,	   especially	   within	   winters,	   should	   demand	   a	   generalist	   wintering	  558	  
strategy	  to	  prevent	  survival	  and	  future	  reproduction	  being	  significantly	  influenced	  by	  559	  
fine-­‐scale	   variation	   in	   territory	   characteristics.	   As	   conditions	   often	   alter	   during	  560	  
winter	  (Blackburn	  and	  Cresswell	  2015a),	  a	  wide	  range	  of	  conditions	  must	  be	  utilised	  561	  
and	  individuals	  must	  be	  flexible	  to	  changing	  conditions	   if	  a	  winter	  territory	   is	  to	  be	  562	  
maintained.	   For	   example,	   Salewski	   et	   al.	   (2002)	   hypothesised	   that	   winter	  563	  
territoriality	   in	   Pied	   Flycatchers	  Ficedula	   hypoleuca	  was	   a	   result	   of	   a	  more	  diverse	  564	  
and	  generalist	   foraging	  strategy,	  enabling	   individuals	   to	   reside	   in	  and	  defend	  small	  565	  
areas	  over	  the	  winter.	  Other	  migrant	  species	  have	  also	  been	  suggested	  to	  be	  winter	  566	  
generalists	  (Latta	  and	  Faaborg	  2002).	  	  567	  
	  568	  
Our	   results	   indicate	   a	   lack	   of	   dominance-­‐based	   territory	   occupancy	   during	  winter,	  569	  
suggesting	  that	  individual	  Whinchats	  do	  not	  compete	  much,	  if	  at	  all,	  for	  territories	  of	  570	  
higher	   quality.	   Returning	  Whinchats	   always	   returned	   to	   the	   same	  winter	   territory,	  571	  
regardless	   of	   the	   proximity	   of	   an	   alternative	   territory,	   and	   neither	   residency	   nor	  572	  
wintering	  ecology	  differed	  with	  age	  and	  sex.	  This	   suggests	   that	   there	  may	  be	   little	  573	  
benefit	  from	  shifting	  small	  distances	  (i.e.	  to	  a	  nearby	  territory).	  That	  residency	  differs	  574	  
only	  with	  site,	  and	  not	  with	  demographics,	  suggests	  that	  larger	  movements	  outside	  575	  
of	   the	   study	  area	   (i.e.	   to	  a	  different	  wintering	   site)	  are	   likely	  due	   to	   reasons	  other	  576	  
than	  competition	  between	  birds,	  and	  for	  reasons	  that	  are	  not	  spatially	  independent.	  577	  
The	  degradation	  of	  a	  wintering	   site,	   for	  example,	  would	   likely	  affect	  all	   individuals	  578	  
and	   result	   in	   the	   spatial	   differences	   in	   residency	   that	  we	   found.	   The	   lack	  of	   small-­‐579	  
scale	  movements	   suggests	   that	   1)	   territories	   did	   not	   differ	   greatly	   regarding	   their	  580	  
influence	   on	   survival,	   or	   2)	   that	   Whinchats	   have	   few	   specialist	   wintering	  581	  
requirements.	  Consequently,	  variation	  in	  winter	  territory	  habitat	  characteristics	  may	  582	  
have	   few	  carry-­‐over	  effects	  on	  migration	   success	   and	   future	   survival,	   and	  a	   ‘good’	  583	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winter	   territory	   is	   simply	   one	   that	   promotes	   survival	   through	   the	   winter.	   For	  584	  
example,	   some	   whinchats	   may	   be	   able	   to	   fatten	   for	   migration	   in	   a	   range	   of	  585	  
conditions,	   or	  may	   fatten	   for	  migration	   at	   other	   sites	   between	   leaving	   the	  winter	  586	  
territory	   and	   crossing	   the	   Sahara.	   We	   cannot	   disregard	   the	   theory	   that	   a	   lack	   of	  587	  
territory	  relocation	  within	  or	  between	  winters	  may	  be	  the	  result	  of	  historic	  wintering	  588	  
conditions	   (i.e.	   before	   anthropogenic	   degradation),	   and	   that	   birds	   are	   now	   simply	  589	  
unable	  or	  unwilling	   to	   relocate	  even	  under	   increasing	   levels	  of	  degradation	   (Bourn	  590	  
and	  Wint	   1994).	   However,	   if	   this	   were	   the	   case	  we	  would	   expect	   low	   overwinter	  591	  
survival	   and	   reduced	  winter	   survival	   in	  more	   degraded	   habitats	   due	   to	   carry-­‐over	  592	  
effects,	  but	  neither	   is	   the	  case	   for	   this	  population	  (Blackburn	  and	  Cresswell	  2015a;	  593	  
Blackburn	  and	  Cresswell	  2015b)	  In	  contrast	  to	  our	  results,	  dominance-­‐based	  winter	  594	  
habitat	   occupancy	   has	   been	   documented	   for	   wintering	   Red-­‐backed	   Shrikes	   Lanius	  595	  
collurio	   (Herremans	   1997),	   Eastern	   Great	   Reed	   Warblers	   Acrocephalus	   orientalis	  596	  
(Nisbet	   and	   Medway	   1972)	   and	   European	   Robins	   Erithacus	   rubetra	   (Catry	   et	   al.	  597	  
2004),	   and	   for	  many	  Neotropical	  migrants,	   such	   as	   American	   Redstarts	   Setophaga	  598	  
ruticilla	  (Marra	  2000;	  Marra	  and	  Holmes	  2001),	  Prairie	  Warblers	  Setophaga	  discolour	  599	  
(Latta	   and	   Faaborg	   2001),	   Hooded	  Warblers	   Setophaga	   citrina	   (Lynch	   et	   al.	   1985;	  600	  
Morton	   1990;	   Stutchbury	   1994)	   and	   Black-­‐Throated	   Blue	   Warblers	   Setophaga	  601	  
caerulescens	   (Wunderle	   Jr	   1995),	   amongst	   others	   (Ornat	   and	   Greenberg	   1990).	   In	  602	  
contrast	   to	   the	   winter,	   higher	   territory	   fidelity	   has	   been	   shown	   on	   the	   breeding	  603	  
grounds	  for	  adult	  Whinchats	  over	  first	  years	  and	  for	  males	  over	  females,	  along	  with	  604	  
higher	  return	  rates	  for	  adults	  over	  first	  years	  (Bastian	  1992	  and	  references	  therein).	  605	  
	  606	  
Difference	  in	  residency	  times	  607	  
Only	   whether	   birds	   had	   short	   or	   long	   residency	   times,	   and	   not	   the	   degree	   of	  608	  
territoriality	   (i.e.	   age	   or	   sex-­‐specific	   variation	   in	   the	   degree	   of	   territory	   defence)	  609	  
varied	  across	  sites,	  as	  is	  seen	  also	  in	  wintering	  Pied	  Flycatchers	  (Salewski	  et	  al.	  2002).	  610	  
Even	   though	   some	   Whinchats	   were	   resident	   for	   only	   short	   residency,	   these	  611	  
individuals	  were	  just	  as	  likely	  to	  return	  in	  the	  following	  winter,	  suggesting	  that	  some	  612	  
individuals	  may	   have	  multiple	   wintering	   sites.	  Multiple	   site	   use	   by	   individuals	   has	  613	  
been	  described	   for	   several	  migrants	   in	  both	   the	  Neotropical	   and	  Palearctic	   system	  614	  
(Belda	   et	   al.	   2007;	   McKinnon	   et	   al.	   2013).	   Some	   migrants	   may	   move	   southward	  615	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during	  the	  winter	  (Cresswell	  et	  al.	  2009),	  possibly	  in	  response	  to	  changing	  conditions	  616	  
(Jones	   1995).	   The	   early	   departure	   of	   these	   individuals	   may	   provide	   territories	   for	  617	  
winter	  floaters,	  the	  presence	  of	  which	  has	  been	  suggested	  by	  some	  studies	  (Winker	  618	  
1998),	   principally	   because	   birds	   that	   disappear	   during	  winter	   are	   replaced	  by	   new	  619	  
individuals	   (Morton	   et	   al.	   1987;	   Holmes	   et	   al.	   1989;	   Brown	   and	   Long	   2007).	   As	  620	  
already	  suggested,	  any	  reasons	   for	  relocating	  appear	  to	  be	   linked	  by	  site	  only,	  and	  621	  
not	   because	   of	   competition	   between	   individuals	   for	   territories	   of	   varying	   quality,	  622	  
suggesting	  that	  Whinchats	  may	  relocate	  if	  a	  wintering	  site	  becomes	  unsuitable	  over	  623	  
the	  winter.	   	  Observations	  made	  during	   this	   study	   suggest	   that	  whilst	   some	   empty	  624	  
territories	  were	  reoccupied,	  others	  remained	  empty	  for	  the	  remainder	  of	  the	  winter,	  625	  
even	  though	  they	  had	  been	  used	  previously.	  Further	  studies	  involving	  more	  intensive	  626	  
monitoring	  or	  tracking	  with	  geolocators	  would	  be	  needed	  to	  determine	  the	  extent	  of	  627	  
any	  movements.	  Because	  individuals	  do	  not	  appear	  to	  compete	  for	  territories	  and	  do	  628	  
not	   relocate	   upon	   return,	   even	   when	   given	   the	   opportunity,	   and	   likely	   have	  629	  
generalist	   wintering	   requirements,	   winter	   territories	   are	   probably	   plentiful,	   and	  630	  
therefore	  not	  all	  suitable	  territories	  are	  occupied.	  	  631	  
	  632	  
In	   summary,	   we	   documented	   extremely	   high	   site	   fidelity	   by	   individuals	   both	  633	  
between	  and	  within-­‐winters,	  and	  a	  lack	  of	  dominance-­‐based	  territory	  occupancy	  for	  634	  
a	   declining	   long-­‐distance	   migrant.	   We	   provide	   strong	   evidence	   for	   a	   generalist	  635	  
wintering	  strategy	  and	  suggest	  that	  winter	  territory	  quality	  may	  have	  little	  influence	  636	  
on	   future	   survival	   and	   thus	   population	   declines.	   This	   study	   supports	   the	   serial	  637	  
residency	   hypothesis	   (Cresswell	   2014),	   where	   selection	   acts	   for	   most	   migrants	   to	  638	  
have	  generalist	  habitat	  requirements,	  allowing	  them	  to	  survive	  in	  and	  remain	  faithful	  639	  
to	  even	  relatively	  low	  quality,	  but	  adequate	  and	  familiar	  sites.	  Due	  to	  lower	  dispersal	  640	  
and	  higher	  site	  fidelity	  during	  winter	  compared	  to	  breeding,	  the	  ability	  to	  accurately	  641	  
measure	   annual	   survival	   rates	   may	   be	   highest	   on	   the	   wintering	   grounds.	  642	  
Furthermore,	  generalist	  wintering	   requirements	  and	  the	  seemingly	  high	  availability	  643	  
of	  suitable	  wintering	  territories	  may	  provide	  some	  resilience	  to	  the	  on-­‐going	  habitat	  644	  
degradation	  occurring	  throughout	  Africa	  (Bourn	  and	  Wint	  1994).	  645	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TABLES	  &	  FIGURES	  942	  
	  943	  
Table	  1	  Numbers	  of	  birds	  involved	  in	  the	  study	  each	  year	  which	  were	  resighted	  at	  least	  once	  944	  
and	   known	   to	   be	   resident,	   separated	   by	   winter	   and	   age.	   Figures	   show	   numbers	   of	  945	  
individuals,	  with	   percentages	   in	   brackets.	   Birds	   ringed	   as	   first-­‐winter	   birds	   are	   included	   in	  946	  
adult	  totals	  for	  subsequent	  years	  if	  they	  returned	  after	  their	  ringing	  year.	  Birds	  of	  unknown	  947	  
age	  (winter	  1:	  n	  =	  1,	  winter	  2:	  n	  =	  2)	  are	  excluded	  from	  age-­‐specific	  totals	  but	  are	  shown	  in	  948	  
brackets	   in	  the	  study	  total	  column.	   In	  four	  cases	  a	  bird	  was	  only	  resighted	  after	  capture	   in	  949	  
the	  following	  winter	  (two	  in	  winter	  1	  and	  two	  in	  winter	  2).	  950	  
	   	  951	  
	   First-­‐	  
winter	   Adult	  
Study	  total	  	  
(+	  age	  
unknown)	  
Winter	  1	   12	  (33%)	   24	  (67%)	   36	  (1)	  
Winter	  2	   36	  (42%)	   50	  (58%)	   88	  (2)	  
Winter	  3	   48	  (34%)	   94	  (66%)	   142	  (0)	  
Total	   	   	   195	  (3)	  
	   33	  
Table	  2	  The	  detectability	  of	  birds	  should	  they	  relocate	  varying	  distances	  away	  from	  their	  952	  
territories,	  as	  determined	  by	  the	  proportion	  of	  the	  new	  territory	  that	  would	  remain	  within	  953	  
the	  study	  area	  after	  that	  movement	  (n	  =	  130).954	  








of	  territory	  in	  
study	  area	  (±SE)	  






of	  remaining	  in	  
study	  area	  (±SE)	  
1	   96	  (1.9)	   1.00	  (0.002)	   130	  (100%)	   500	  m	   0.44	  (1.9)	  
2	   160	  (3.1)	   0.98	  (0.005)	   130	  (100%)	   1	  km	   0.16	  (0.8)	  
3	   224	  (4.4)	   0.96	  (0.005)	   130	  (100%)	   5	  km	   0.02	  (0.2)	  
4	   288	  (5.6)	   0.81	  (0.02)	   120	  (92%)	   10	  km	   0	  
5	   352	  (6.9)	   0.73	  (0.02)	   109	  (84%)	   	   	  
6	   416	  (8.1)	   0.64	  (0.02)	   96	  (74%)	   	   	  
7	   480	  (9.4)	   0.54	  (0.02)	   78	  (60%)	   	   	  
8	   544	  (10.6)	   0.47	  (0.02)	   68	  (52%)	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Table	   3	  Results	   from	  general	   linear	  models	   (LM)	  exploring	  predictors	  of	  departure	  month.	  955	  
The	  first	  model	  (initial	  full	  model	  of:	  departure	  month	  ~	  age	  +	  sex	  +	  site	  +	  age*site	  +	  sex*site,	  956	  
where	  September	  =	  month	  1;	  n	  =	  63)	  is	  presented	  as	  the	  results	  from	  averaging	  the	  top	  four	  957	  
models	  (within	  4	  AIC	  of	  the	  top	  model),	  along	  with	  the	  top	  model.	  SE	  for	  top	  model	  =	  1.0	  on	  958	  
61	  df;	  multiple	  R-­‐squared	  =	  0.45;	  F3,61	  =	  16.8;	  overall	  p-­‐value	  =	  <0.0001,	  n	  =	  65.	  Note	  that	  site	  959	  
A	  and	  age	  =	  adult	  are	  the	  reference	  categories.	  Significant	  terms	  are	  shown	  in	  bold.	  960	  961	  
All	  models	  within	  4	  AIC	  of	  top	  model	  
Model	   df	   	  LogLik	   AICc	   ΔAICc	   Weight	  
Site	  +	  age	   5	   -­‐86.03	   183.10	   0.00	   0.49	  
Site	  +	  age	  +	  site:age	   7	   -­‐84.48	   185.00	   1.90	   0.19	  
Site	  +	  age	  +	  sex	   6	   -­‐85.92	   185.33	   2.23	   0.16	  
Site	   4	   -­‐88.39	   185.47	   2.37	   0.15	  
	   Full	  model	   All	  models	  delta	  AIC	  <	  4	   Top	  model	  
Variable	   z	   p	  
Model-­‐
averaged	  	  	  
parameter	  




estimate	   	  	  SE	   t	   p	  
(Intercept)	   24.4	   	  <0.0001	   6.1	   0.2	   	   	  6.1	   0.2	   	  30.0	   	  <0.0001	  
Age	  FW	   1.8	   0.067	   0.5	   0.3	   0.85	   	  0.5	   0.2	   	  2.1	   0.04	  
Site	  B	   4.0	   	  <0.0001	   -­‐1.2	   0.3	   1.00	   -­‐1.2	   0.3	   -­‐4.5	   	  <0.0001	  
Site	  C	   4.7	   	  <0.0001	   -­‐2.5	   0.5	   	   -­‐2.3	   0.4	   -­‐6.5	   	  <0.0001	  
Age	  FW:site	  B	   0.4	   0.70	   -­‐0.2	   0.6	   0.19	   	   	   	   	  	  	  
Age	  FW:site	  C	   1.4	   0.16	   	  1.1	   0.8	   	   	   	   	   	  	  	  
Sex	  M	   0.4	   0.66	   0.1	   0.3	   0.16	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Table	  4	  Results	  from	  logistic	  regression	  analyses	  (GLM)	  exploring	  the	  influence	  of	  residency	  962	  
time	   (short	  or	   long)	  on	   the	  probability	  of	   return	   in	   the	   following	  year,	   from	   the	  model	  of:	  963	  
returned	  next	  year	  ~	  residency	  time	  (short	  or	  long)	  +	  site.	  The	  Null	  model	  was	  the	  top	  model	  964	  
(all	   terms	  NS);	   residual	  deviance	   for	   full	  model	   =	  86.2	  on	  63	  df.	  Note	   that	   site	  A	  and	   long	  965	  






Variable	   	  Estimate	   SE	   	  z	   p	  
(Intercept)	   	  0.70	   0.39	   	  1.9	   0.063	  
Residency	  (S)	   	  0.55	   0.75	   	  0.7	   0.46	  
Site	  B	   -­‐0.56	   0.56	   -­‐0.8	   0.42	  
Site	  C	   -­‐0.51	   0.83	   -­‐0.6	   0.54	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FIGURE	  LEGENDS	  967	  
	  968	  
Fig.	  1	  Map	  of	  the	  six	  study	  sites	  and	  their	  location	  within	  Nigeria	  in	  West	  Africa	  ().	  Sites	  A,	  B	  969	  
and	  C	  were	  used	   in	  all	   three	  winters;	   sites	  D	  and	  E	   in	  winters	  2	  and	  3,	  and	  sites	  marked	  x	  970	  
used	   in	   winter	   3	   only	   (see	  Methods).	   Note	   sites	   exist	   for	   logistical	   reasons	   rather	   than	  971	  
representing	  biologically	  distinct	  areas,	  although	  they	  are	  considered	  because	  of	  variation	  in	  972	  
sampling	  time	  and	  effort	  with	  site.	  973	  
	  974	  
Fig.	   2	   a)	   The	  percentage	   chance	  of	   resighting	   a	  bird	   if	   its	   territory	  was	   visited,	   and	  b)	   the	  975	  
proportion	   of	   birds	   resighted	   out	   of	   the	   number	   of	   territories	   visited	   during	   a	   site	   visit,	  976	  
across	  the	  three	  study	  sites.	  There	  was	  no	  difference	  in	  the	  probability	  of	  seeing	  a	  bird,	  or	  in	  977	  
the	  proportion	  of	  birds	  detected,	  during	  visits	  across	  sites.	  978	  
	  979	  
Fig.	  3	  The	  probability	  of	  detecting	  a	  returning	  bird	  within	  the	  study	  site	  in	  the	  following	  980	  
year	   if	   small	   scale	   dispersal	   occurred	   from	   the	   territory	   location	   in	   the	   previous	   year	  981	  
(grey	  points,	  as	  determined	  by	  the	  proportion	  of	  the	  study	  area	  that	  could	  contain	  the	  982	  
territory	  after	  dispersal),	  and	  the	  maximum	  distance	  individuals	  were	  actually	  observed	  983	  
to	  move	  the	  following	  year	  (grey	  bars;	  n	  =	  54).	  The	  shade	  of	  each	  point	  represents	  the	  984	  
frequency	   of	   individuals	   with	   that	   value,	   where	   darker	   shades	   represent	   higher	  985	  
frequencies,	   starting	   from	  black	   (furthest	   left	  data	  point).	   The	  mean	  proportion	  of	   the	  986	  
new	  territory	  within	  the	  study	  area	  should	  dispersal	  occur	  is	  also	  shown	  (solid	  black	  line)	  987	  
with	  upper	  and	  lower	  CIs	  (dashed	  lines).	  988	  
	  989	  
Fig.	  4	  The	  number	  of	  birds	  estimated	  to	  be	  within	  the	  study	  area	  if	  dispersal	  occurred	  of	  0.5	  990	  
km,	  1	  km	  and	  5	  km	  upon	  return	  to	  the	  study	  site	  the	  following	  winter	  assuming	  a	  return	  rate	  991	  
of	  54%,	  as	  a	   function	  of	   the	  total	  number	  of	  birds	  studied	   in	  a	  year.	  The	  actual	  number	  of	  992	  
individuals	  we	  studied	  –	  i.e.	  where	  territory	  diameter	  was	  measured	  –	  is	  also	  shown	  (w;	  n	  =	  993	  
112).	  994	   	  995	  
Fig.	  5	  Map	  of	  study	  site	  A	  showing	  the	  territories	  in	  both	  years	  of	  birds	  ringed	  in	  winter	  1	  996	  
that	  returned	  in	  winter	  2,	  birds	  that	  did	  not	  return	  in	  winter	  2,	  and	  birds	  newly	  ringed	  in	  997	  
winter	  2,	  identified	  by	  age.	  Each	  circle	  represents	  a	  whinchat	  territory	  in	  either	  winter	  1	  998	  
or	  winter	  2,	   the	   radius	  of	  which	   is	  equal	   to	   the	   individual’s	   index	  of	   territory	   size	   (m).	  999	  
Connecting	   lines	   joins	   territories	   belonging	   to	   the	   same	   individual	   in	   winters	   1	   and	  1000	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winter	   2.	   Note	   that	   territories	   of	   birds	   ringed	   in	   winter	   2	   were	   not	   necessarily	  1001	  
unoccupied	   in	   winter	   1.	   Stippled	   areas	   show	   areas	   of	   thick	   scrub;	   areas	   with	   tree	  1002	  
symbols	   show	   wooded	   patches.	   All	   territories	   of	   non-­‐returning	   birds	   and	   territories	  1003	  
occupied	  in	  winter	  2	  by	  first	  year	  birds	  represent	  territories	  available	  to	  birds	  returning	  1004	  
from	  winter	  1.	  The	  inset	  figure	  shows	  the	  average	  territory	  size	   in	  each	  winter	  and	  the	  1005	  
average	  distance	  between	  territories	  of	  a	  returning	  individual	  in	  winters	  1	  and	  2.	  Overall	  1006	  
the	   figure	   illustrates	   birds	   returned	   to	   the	   same	   territory	   used	   in	   the	   previous	   year	  1007	  
despite	  many	  empty	  territories	  being	  available	  close	  by.	  1008	  
	  1009	  
Fig.	   6	   Departure	  month	   (from	   September,	  where	   September	   =	  month	   1)	   according	   to	  1010	  
age	   (first-­‐winter	   or	   adult)	   and	   site.	   Values	   are	   predicted	   from	   the	   model:	   LM	   of	  1011	  
departure	  month	  ~	   site	  +	  age	   (Table	  3,	  n	  =	  63).	  Departure	  month	  differed	  significantly	  1012	  
between	  sites	  and	  with	  age.	  	  1013	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Fig.	  2	  



























	  	  	  



















	  	  	  	  	  































	  	  	  
	  
	  	  	  	  















	   	  
